Three new brasiliamide congeners, brasiliamides C, D and E, were isolated from okara fermented with Penicillium brasilianum Batista JV-379. Their structures were elucidated on the basis of spectral data and chemical evidence. NMR spectra of these brasiliamides exhibited a mixture of four or two conformers due to the restricted rotation of an amide bond in a solution. The 1 H-and 13 C-NMR spectral data were analyzed for a major rotamer at an appropriate temperature, since the signals were broadened at room temperature. Both brasiliamides C and D showed convulsive activity against silkworms with an ED 50 value of 400 g/g of diet, whereas brasiliamide E showed less activity than the others.
In the course of screening fungi for bioactive compounds, Penicillium brasilianum Batista JV-379 was obtained as an isolate showing convulsive activity against silkworms. New convulsive substances, brasiliamides A and B, have been already isolated from okara fermented with this strain. 1) These brasiliamides had an ethylenediamine skeleton with bisacetamide and could be a new class of tremorgenic mycotoxins without an indole moiety in their structure. Brasiliamide B revealed a conformational change due to the rotational isomerization of two amide groups in a solution. These brasiliamides have attracted considerable attention due to their structural characteristics and biological activity. In our continuing investigation to find brasiliamide congeners, three new compounds, named brasiliamides C (1), D (2) and E (3), were isolated from the strain cultured with okara. We report in this paper the isolation and structural elucidation of brasiliamides 1-3, their rotational properties in a solution and their convulsive activity against silkworms.
Materials and Methods
Melting point (mp) data are uncorrected. Optical rotation was measured with a Horiba model SEPA-300 polarimeter. IR and UV spectra were respectively recorded with Perkin-Elmer 1760X FT-IR and Hitachi UV-3210 spectrophotometers. Mass spectra were measured with JEOL JMS-DX300 instrument.
1 H-and 13 C-NMR spectra were obtained with JEOL JNM -500 spectrometer. Chemical shifts are given on a (ppm) scale, and the pulse delay time between scans was 5.0 sec for 13 C-NMR measurements. Column chromatography was performed by filling up Wakogel C-200 (Wako Pure Chemical Industries), Kieselgel 60 (Merck) and Chromatorex ODS (Fuji Silysia Chemicals) as supports in the stationary phase. Okara used as the medium in this experiment was supplied by Kitagawa Tofu (bean-curd) shop (Sakai, Osaka, Japan).
Bioassay. The bioassay was carried out according to the procedure previously described.
1) The average convulsion rate after 24 h was evaluated and used for determining the ED 50 value.
Fermentation, extraction and preliminary separation. A strain of P. brasilianum Batista JV-379 was cultured with okara at 25 C for two weeks. The cultivated okara (10 kg) was extracted with MeOH, and the MeOH extract was concentrated and then partitioned by the same procedure as that shown in ref. 1 . The EtOAc extract (4.6 g) was subjected to silica gel column chromatography (Wakogel C-200) with n-hexane and an increasing ratio of EtOAc, and later with EtOAc and an increasing ratio of MeOH to afford 100% EtOAc and 5% MeOH eluates (1.94 g) and 10% MeOH eluate (0.60 g). The purification of these eluates was guided by the intense characteristic orange coloration of Dragendorff's reagent 2) on TLC plates.
y To whom correspondence should be addressed. Fax: +81-722-54-9471; E-mail: fujita@biochem.osakafu-u.ac.jp Abbreviations: DEPT, distortionless enhancement by polarization transfer; NOE, nuclear Overhauser effect; COSY, correlation spectroscopy; NOESY, nuclear Overhauser enhancement and exchange spectroscopy; HSQC, heteronuclear single-quantum coherence; HMBC, heteronuclear multiple-bond coherence Isolation of 1. The 100% EtOAc and 5% MeOH eluates (1.94 g) were subjected to silica gel column chromatography (40 g, Kieselgel 60) with toluene and an increasing volume of acetone. The 12-15% acetone eluates (302 mg) were flash-chromatographed on Kieselgel 60 (15 g) by eluting with toluene and an increasing volume of EtOAc to afford an active fraction (123 mg) and brasiliamide A (115 mg). This active fraction was flash-chromatographed on Chromatorex ODS (10 g) by eluting with H 2 O-MeOH (4:6, v/v) to afford a colorless paste (20 mg). This colorless paste was further purified by flash-chromatography on Kieselgel 60 (4 g) by eluting with CHCl 3 -acetone (97:3, v/v) to afford brasiliamide C (1, 12 mg). 1 H-and 13 C-NMR (CDCl 3 ) at À10
C: see Table 2 . 1 Hand 13 C-NMR (CDCl 3 ) at 20 C: see Table 3 .
Results and Discussion
Fermentation and isolation of the brasiliamide congeners A strain of P. brasilianum Batista JV-379 was cultured with okara at 25 C for two weeks. The cultivated okara was soaked in MeOH, and the MeOH extract was partitioned by n-hexane and EtOAc according to the manner previously described.
1) The EtOAc extract was subjected to silica gel column chromatography with a mixed solvent system (n-hexane-EtOAc and EtOAc-MeOH). The 100% EtOAc and 5% MeOH in EtOAc eluates were combined and purified by column chromatography to afford brasiliamide C (1) together with brasiliamide A. The 10% MeOH eluate was chromatographed on Kieselgel and a reversed-phase ODS column to afford brasiliamides D (2) and E (3). 1) The ratio of these two components was approximately 3:1. Reducing the temperature to below À15 C resulted in all signals being sharpened, and four sets of signals appeared as an equilibrium mixture of four conformers in the ratio of 64:33:2:1. This alteration strongly suggested that rotational isomerization of two amide groups had occurred in the solution. Thus, the major conformer in the NMR spectra was first analyzed to determine the structure of 1. -HCH 2 -moiety to the 3-methoxy-4,5-methylenedioxyphenyl group was ascertained by 1 H-13 C long-range correlations between one of the methylenes at H 2.81 and 2.87 and three aromatic carbons at C 131.2 (C-2 00 ), 107.7 (C-3 00 ) and 102.8 (C-7 00 ) from the HMBC spectrum (Fig. 1) . The correlations from the olefinic proton at H 6.51 to aromatic carbons at C 133.5 and 128.7 in a phenyl group and to an isolated methylene carbon at C 38.4 indicated the presence of a -CH=C -CH 2 -moiety. As the remaining parts were only two >N-COCH 3 , the two partial structures might be connected by these acetamides to form a piperazine ring. The methylene protons (H 2 -3) in the -CH=C -CH 2 -moiety were correlated to the methine carbon at C 55.4 (C-5) in the -CH 2 C -HCH 2 -moiety and to an amide carbonyl at C 169.6 (C-9). The other methylene protons The spectra were measured at 500 MHz for 1 H and at 125 MHz for 13 C. (H 2 -6) in the piperazine ring were correlated to a quaternary olefinic carbon at C 133.8 (C-2). These correlations suggested that 1 was the positional isomer of a double bond in brasiliamide B and had a benzylidene group at the C-2 position. The geometry of the double bond in the benzylidene moiety was determined to be E-configuration, based on the NOE correlation from the acetyl methyl at H 2.34 (H 3 -8) to the olefinic proton (H-1 0 ). Consequently, the structure of 1 was elucidated to be (2E)-1,4-diacetyl-2-benzylidene-5-(3-methoxy-4,5-methylenedioxybenzyl)piperazine (Fig. 2) . C in the NMR spectra, while these signals were broadened and doubled at room temperature. The ratio of the four conformers was approximately evaluated to be 51:32:10:7 by the integral values of the acetyl methyls at À15 C in CDCl 3 . This result strongly suggested that 2 existed in equilibrium with four rotational isomers due to the two amide groups in a solution, as in the case of 1. All signals due to the two major rotamers (2a and 2b) could be assigned based on the 1 H-NMR, 13 C-NMR, 1 H-1 H COSY, HSQC and HMBC spectra measured at À10 C (Table 2 ). These spectra indicated the presence of two aromatic rings consisting of a phenyl and a 3-methoxy-4,5-methylenedioxyphenyl group, two acetyls and two sets of a -CH 2 C -HCH 2 -moiety. The connection from each of the -CH 2 C -HCH 2 -moieties to the two other aromatic rings was indicated by the 1 H-13 C long-range correlations from the HMBC spectrum (Fig. 1) . Moreover, long-range correlations from both methylene protons (H 2 -3 and H 2 -6) corresponding to piperazine ring protons to two methine carbons (C-2 and C-5) and an amide carbonyl were observed. Thus, the planar structure of 2 was concluded to be a dihydro-derivative of 1. Dihydrobrasiliamide B obtained as a hydrogenation product from brasiliamide B had the same planar structure as that of 2. The relative configuration of dihydrobrasiliamide B was determined as 2,5-trans by X-ray crystallography.
Structural determination of brasiliamide C (1)
1) The spectral data for 2 were completely different from those for dihydrobrasiliamide B ( Table 2 ). The piperazine ring conformation of 2 was not chair-form but twist boat-form on the basis of the coupling constants between the methine and methylene protons (J 2,3a ¼ 6:4 Hz, J 2,3b ¼ 11:3 Hz and J 5,6a ¼ 6:4 Hz, J 5,6b ¼ 11:3 Hz) in the piperazine ring, while that of dihydrobrasiliamide B was typical chairform. This observation suggested that both methine protons (H-2 and H-5) were pseudo-axial in configuration and that the relative configuration of these protons was 2,5-cis. Consequently, the structure of 2 was elucidated to be cis-1,4-diacetyl-2-benzyl-5-(3-methoxy-4,5-methylenedioxybenzyl)piperazine (Fig. 2) . (Table 3) , indicating eleven degrees of unsaturation. The UV and IR spectra were similar to those of 2. The 13 C-NMR spectrum also closely resembled that of 2, except for the absence of one acetyl group. In the 1 H-NMR spectrum, a pair of signals was observed at 20 C in CDCl 3 , their ratio being approximately 2:1. This result suggested that 3 had one acetamide group and existed in equilibrium with the two conformational isomers in a solution. The position of an acetyl group was inferred from the HMBC spectrum to be at N-1 by the 1 H-13 C long-range correlations from a deshielded methylene proton at H 4.57 (H-6) to a carbonyl carbon at C 169.6 (Fig. 1) . Thus, the planar structure of 3 was determined to be 1-acetyl-2-benzyl-5-(3-methoxy-4,5-methylenedioxybenzyl)piperazine. The methine protons, H-2 and H-5, were assigned to be equatorial and axial, respectively, based on their coupling constants between H-2 and H 2 -3 (J 2;3 ¼ 1:5, 3.7 Hz) and H-5 and H 2 -6 (J 5;6 ¼ 1:5, 10.7 Hz). These values of the coupling constants indicated that the conformation of the piperazine ring was chair-form and that the relative configuration of the methine protons was of 2,5-cis. Consequently, the structure of 3 was elucidated to be cis-1-acetyl-2-benzyl-5-(3-methoxy-4,5-methylenedioxybenzyl)piperazine (Fig. 2) .
Structural determination of brasiliamide E (3)
Conformational analysis of 1, 2 and 3 in a solution Brasiliamides C-E (1-3), as well as brasiliamide B, showed conformational change due to the restricted rotation of an amide bond in a solution, and four or two sets of conformers appeared in the NMR spectra. To clarify their conformational property, the direction of the acetamides in each conformer was determined by NOE correlations between an acetyl methyl and a piperazine ring proton at an appropriate temperature. The structures of the four rotamers on 1 and 2 and their ratios are summarized in Fig. 3 , as shown in the previous paper.
1)
The E2-form (1a) and Z1-form (1b), in which the C-7 carbonyl group was directed to the C-6 side, were predominant in 1. This result suggested that these rotamers existed preferentially due to the stability of the conjugated system from the double bond to the carbonyl group at C-7 via an amide bond. On the other hand, the E1-form (2a) and E2-form (2b) in 2 were more predominant than the Z-conformers among the four rotamers, as in the case of dihydrobrasiliamide B. The conformational change of the piperazine ring should occur in each rotamer accompanied by the rotation of an amide bond, because the coupling constants of the ring protons changed between 2a and 2b.
In the case of 3, two rotamers were present in CDCl 3 , and their ratio was evaluated to be approximately 2:1 at 20 C. The major rotamer had a structure in which an acetyl methyl was directed to the C-2 side from NOESY correlations, while the acetyl methyl of the minor one was directed to the opposite, C-6 side.
The chemical shifts of the piperazine ring protons were markedly different, corresponding to the direction of the carbonyl group in the acetamides. When the carbonyl group in an acetamide (N-1) is directed to the C-6 or opposite C-2 side, an equatorial proton [H-6 (eq)] or a methine proton (H-2) is respectively deshielded. This could be used for determining the direction of an acetamide in the 1,4-diacetylpiperazine derivatives. The rotational change of the amide bonds must have been restricted by the neighboring substituent around the amide group. In addition, a substituent on the piperazine ring would have influenced not only the rotational isomerization of an amide bond but also the conformational change of the piperazine ring. 
Convulsive activity of 1-3
The convulsive activity of brasiliamides C (1), D (2) and E (3) were examined with the third instar larvae of silkworm. The activity of both 1 and 2 was evaluated as an ED 50 value of 400 g/g of diet upon oral administration, while 3 showed no activity at a concentration of 500 g/g of diet. In our previous study, brasiliamides A and B and dihydrobrasiliamide B showed convulsive activity with ED 50 values of 300, 50 and 400 g/g of diet, respectively.
1) The activity of brasiliamide D and its geometric isomer, dihydrobrasiliamide B, was weaker than that of brasiliamide B. These results suggested that a double bond in the piperazine ring was more significant than a 3-methoxy-4,5-methylenedioxybenzyl moiety, which was a common partial structure. In addition, the convulsive activity of the brasiliamides was not affected by the conformation of the piperazine ring or by the configuration of substituents on the ring. Bisacetamide compounds exhibited higher activity than monoacetamides.
A large number of tremorgens, which have an indole moiety in common, have previously been reported. 3) Brasiliamides A-D showed convulsive activity similar to that of tremorgens, despite the absence of an indole moiety in their structure. The activity of these brasiliamides and the biosynthetic pathway is a subject of great interest, although further biological studies on brasiliamides are required.
